Subclinical hypothyroidism (SCHT) is common, with an occurrence of up to 10% of the adult population and defined biochemically only by elevated TSH and normal T4. SCHT affects negatively on lipid and carbohydrate metabolism increasing the risk of ischemic heart disease, affects negatively on cardiac performance and have a close correlation with renal function. The aim of this study is to compare presentation characteristics and outcomes between euthyroid pts and pts with SCHT who underwent cardiac surgery. Methods: 474 pts from June 2003 through September 2004 had TSH and T4 measured. 365 pts were euthyroid (Group 1), 41 pts had SCHT (Group 2). Groups were compared by demographics and EuroSCORE (ES) risk profiles. Operative and hospital outcomes were compared as was follow-up mortality up to 96 months. Results: There were more females in Group 2, p = 0.04, more pts with CHF and number of NYHA III-IV pts (p < 0.05). More pts in Group 2 had elevated s-crea (p < 0.0001) and atrial fibrillation (p = 0.007). Comparing the Groups by EuroSCORE (ES) showed higher risk scores in Group 2 pts (Additive ES 6.8 vs 8.5 and Logistic ES 12.3% vs 18.1%, p = 0.01 and 0.03). Hospital mortality was higher in Group 2 (12.2% vs 4.1%, p = 0.04) and the number of pts needing extended care was higher in Group 2 (p = 0.01). Follow up mortality was doubled in Group 2 pts up to 96 months compared to Group 1 (p < 0.0001). Conclusions: Presentation characteristics and risk scores are different and worse in SCHT pts compared with euthyroid pts. Hospital and follow-up mortality are increased in SCHT pts.
Introduction
After observing a remarkable degree of overlooking and undertreatment of hypothyroid patients (pts) admitted for cardiac surgery a decision was made to have thyroid screening (TSH and T4) of every pt admitted for cardiac surgery in our unit. This report is of the 500 first cardiac surgery pts who had a request of preoperative thyroid screening.
Subclinical hypothyroidism (SCHT) is a common occurrence in the adult population, affecting 4% -10% of the population [1] . It is defined biochemically only and pts with TSH over the upper reference limit and T4 within the normal range are diagnosed having SCHT.
SCHT has many negative effects on different bodily functions: it decreases cardiac performance by decreasing both systolic and diastolic function thus increasing the risk of congestive heart failure (CHF) [2] , it increases systemic vascular resistance and lowers preload [1, 3] , it has negative effect on lipid metabolism increasing the risk of accelerated general and cardiac atherosclerosis with subsequent increased risk to develop ischemic heart disease [1, 3, 4] and long-term mortality. Increased mortality has recently been reported in pts with heart disease and SCHT [5] . There is a strong association between SCHT and renal function and pts with renal dysfunction have more SCHT than euthyroid pts [6] [7] [8] [9] . Thyroid disorders and diabetes mellitus influence each other and diabetes is observed more in SCHT and hypothyroid pts which further increases risk of ischemic heart disease [10] .
Statistical Analysis
Mean values of EuroSCORE additive (AES) and logistic (LES) were calculated and categories were created so as to divide patients into low-(AES ≤ 6; LES ≤ 25%) and high-risk groups (AES > 6; LES > 25%). Length of stay in the hospital (LOS) and intensive care unit (ICU) (both in days) were used in their linear form and dichotomized (≤10 days versus >10 days for hospital stay; ≤2 days versus >2 days for ICU stay).
Demographic factors, ES variables, operative characteristics, surgical outcomes and measures of thyroid function were summarized by groups of patients by thyroid function status. Variables were compared between groups of patients using t-tests (for continuous variables) and χ 2 tests (for categorical variables), and a p-value < 0.05 indicated the difference was statistically significant. Factors that these univariate analyses identified as differing between groups of patients were entered into a multivariable logistic regression models to further identify those that were significant independently associated with thyroid status. Preliminary models examined variables by categories: demographic and baseline factors, EuroSCORE variables, operative factors and outcome variables. Only variables which were associated with thyroid status at p < 0.05 were retained in final models. Odds ratios (ORs) and 95% confidence intervals (95% CI) were estimated from the models comparing patients with subclinical hypothyroid to euthyroid pts. Hospital mortality was no longer related to thyroid status when demographic and baseline factors and EuroSCORE variables that were independent correlates were included in our initial models. All analyses used SAS version 9.1 (SAS Institute Inc., Cary, NC, USA.).
Results
There were 26 pts with no documentation of preoperative thyroid tests. Pts with known hypothyroidism and medication (n = 68) were excluded leaving 406 pts for further analysis.
365 (89.9%) pts (Group 1) were euthyroid by laboratory tests. 41 (10.1%) pts (Group 2) had SCHT with elevated TSH (>5.0 mIU/l) and T4 within normal range (5.0 -11.0 mcg/dl). One pt had unknown overt hypothyroidism (excluded). Operation was delayed and done successfully when the pt was euthryroid.
Altogether 109 pts of 474 pts (23.0%) had a thyroid disorder. 68 (14.3%) had overt hypothyroidism and 41 (8.6%) had SCHT.
Comparing demographic data reveals statistically significant differences (higher in Group 2) Table 1 .
ES variables showed more females in Group 2 (p = 0.04). Statistically significant differences were noted in number of pts with s-crea > 2.2 mg/dl (p = 0.02), pts in critical condition (p = 0.02), and in pts with pulmonary artery systolic pressure > 60 mmHg (p = 0.01). All these besides pts with high s-crea were correlated to thyroid status by multivariate analysis. Details are summarized in Table 2 .
There was only one operative death in Group 1 and none in Group 2. Operative details were remarkably similar as well as the need for IABP support. Group 2 pts needed more often inotropic support after CPB (12/29.3% vs 57/15.6%, p = 0.04) and for longer duration (5.1 ± 4.0 days vs 3.3 ± 2.5 days, p = 0.05). Details are summarized in Table 3 . Hospital mortality was significantly higher in Group 2 pts (4.1% vs 12.2%, p = 0.04) but all pts who died in hospital had very high preoperative risk scores: mean AES 12.91 ± 0.69 and LES 38.32 ± 21.95. All pts were high-risk pts (AES > 6) and 15 (65.2%) very highrisk pts (LES > 25%). The difference in hospital deaths was not correlated to thyroid status. There were no statis-tically significant differences in the stay in postoperative ICU or LOS but there was a trend for longer times in Group 2 pts. Postoperative incidence of AF and renal failure did not differ. More pts in Group 2 had to be transferred to another institution for rehabilitation or further care (12.0% vs 27.8%, p = 0.01) Details are summarized in Table 4 . Mean follow-up time for hospital survivors was similar as was the range of follow-up months. A highly statistically significant difference (higher in Group 2 pts) was noted in follow-up all-cause mortality (29.5% vs 63.9%, p < 0.0001). Details are summarized in Table 5 .
7 pts in Group 1 had TSH > 10 mIU/l and there are suggestions that these pts should be treated with levothyroxine [13] . All these pts were started on levothyroxine postoperatively. 3 pts of these were alive at the end of follow-up. 
Discussion
SCHT is a common disorder affecting 4% -10% of the adult population [1] . It is defined biochemically only and pts having TSH above the reference limit and T4 within the reference limit are suffering from SCHT. Although known for about 40 years there still are controversies associated with treatment [13, 14] and its effect on bodily functions. It is agreed that SCHT represents a mild form of tissue hypothyroidism and its effects are basically similar to those seen in overt hypothyroidism but weaker [14, 15] . There are no reports available where demographic data and ES risk scores have been compared in cardiac surgery pts with and without SCHT. It is quite obvious from our series that SCHT pts have higher burden of comorbidities than pts without which has an effect on hospital mortality, need for extended care postoperatively and follow-up mortality as well. SCHT affects cardiac performance in several ways. It increases afterload and decreases preload with reduction of stroke volume and cardiac output [16] and has negative effects on systolic and diastolic function thus increasing the risk of development of CHF. The negative effects may be mitigated with adequate levothyroxine treatment [2, 17] . Rodondi et al. [16] reported a 12 year follow up of adults over 65 years of age and at the end 24% had developed SCHT. Risk of congestive heart failure was increased in pts with TSH > 10 mU/l and was considered a potential modifiable risk factor for CHF. In our series pts with SCHT had a 58.5% incidence of CHF and euthyroid pts had an incidence of 38.9%, p = 0.02, indicating that pts with SCHT and heart disease have increased risk of developing CHF than euthyroid pts with heart disease. In our series, occurrence of diabetes was marginally higher in pts with SCHT (48.8% vs 40.0%) Recent reports [18, 19] describe close relationship between SCHT and diabetes specially with Type 1 diabetes. It is very likely that a combination of SCHT and diabetes has enhanced risk for deleterious effects on cardiovascular and metabolic functions but may be modifiable with levothyroxine treatment. A recent review by Hage, Zantout and Azar [10] gives in depth information about the impact of thyroid dysfunction on glucose control and on diabetes management.
Increased incidence of preoperative AF in pts with SCHT has not been reported earlier but in our series the incidence is 22.0% vs 8.5% with a p-value of 0.007 and correlated to the thyroid status (OR 4.11, 95%CI 1.56 -10.85).
Pts with preoperative AF in our series are not older than pts without and the risk scores are similar. Also age and risk scores are similar between SCHT pts with AF and euthyroid pts with AF. This finding should be validated by larger cohorts of pts. Postoperative AF has been reported to be higher in SCHT pts after CABG surgery [20] but was not observed in our series. SCHT has a close relationship with kidney function [7] and pts with chronic kidney disease have more SCHT than pts with normal kidneys [6, 8, 9] . Any degree of kidney failure has an impact on post cardiac surgery follow-up mortality so the finding of a remarkable increase of preoperative s-crea levels in pts with SCHT have a impact on the observed higher follow-up mortality in SCHT pts. The effect of treatment with levothyroxine in the postoperative period has not been evaluated but should be done. Increase of postoperative renal failure in SCHT pts was not observed in our series. It is known that SCHT has a negative influence on lipid metabolism increasing the risk of coronary heart disease [2, [21] [22] [23] but the results are somewhat conflicting. Whether treatment with levothyroxine may prevent or decrease cardiovascular ischemic events is not known. In our series the incidence of CAD as the main operative diagnosis did not differ between the Groups so the SCHT effect on development of CAD is probably quite weak.
Iervasi et al. [5] has recently reported increased cardiac and all-cause mortality in pts with SCHT and mixed cardiac diseases with a mean follow-up of 32 months and concluded that mildly altered thyroid status is associated with increased mortality in pts with cardiac disease. This is also evident in our series with a highly significant (p < 0.0001) difference between the Groups in all-cause follow-up mortality.
Drawbacks
This is a retrospective observational study with rather limited number of pts. We have no knowledge of postoperative thyroid status and whether some of pts developed overt hypothyroidism or the adequacy of treatment of pts who were started on replacement therapy postoperatively.
Conclusions
In our opinion it is prudent to screen all cardiac surgery pts for thyroid disorders since 23% of pts in this series had a thyroid disorder.
SCHT in cardiac surgery pts should be regarded as a marker for pts with increased number of comorbidities with higher risk scores and subsequent higher hospital and follow-up mortality.
The question whether levothyroxine treatment [24] would modify cardiovascular risk scores preoperatively and outcomes in SCHT pts should be evaluated.
